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Tyrosinase is a copper containing enzyme re-
sponsible for melanin formation (1, 2). In the
initial stages of melanin synthesis, tyrosinase re-
quires reduction by dopa to form the active
cuprous enzyme. Copper is an essential part of
tyrosinase and tyrosinase in pigment cells is in-
hibited by agents Which combine With copper,
such as carbon monoxide, cyanide and many or-
ganic sulfur compounds. A regulating mechanism
of the tyrosinase reaction is presented in the
form of reactive sulfhydryl groups. Rothman
has shown that the Water-extractable thiol com-
pounds of the skin can inhibit the above reac-
tion.
Radiation of various types, particularly ultra-
violet light (UVL), plays an important role in
the skin. Exposure of skin to UVL results in
sunburn, and the melanin formed after sunburn
undergoes further darking. Recent electron-
microscopic and biochemical studies have shown
that melanin formation in the mammalian skin
takes place only within the melanoeyte (3). The
process of melanin synthesis in mammals may be
considered a subeellular function. In this paper
the effect of UVL upon the thiol content of sub-
cellular fractions isolated from mouse melanoma
is determined.
MATERIALS AND METHODS
1. Preparation of various cell components: B-16
and Harding-Passey mouse melanomas were se-
rially transplanted in C-57 and Swiss strain mice
respectively. The entire tumor was excised when
it reached 1.0—1.5 cm in diameter. The excised tu-
mor was promptly homogenized in 025 M sucrose
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at about 0° C. All subsequent processing took place
in a cold environment (about 3° C). The homoge-
nate (tissue: 0.25 M sucrose solution, 1:6 w/v) was
fractionated by the differential centrifugation at
1° C by a modification of the procedure of Van
Lancker and Holtzer (4). The nuclear fraction was
separated by centrifuging the homogenate for 10
minutes at 700 X g. The resulting sediment was
washed three times by resuspension in sucrose so-
lution. The combined washings and the super-
natant were centrifuged for 10 minutes at 21,000 ><
g to yield a "large granule fraction," which was
washed twice by resuspension in sucrose solution.
The "small granule fraction" was prepared by cen-
trifuging the washes and supernatant from the
large granule fraction, in a Hitachi ultracentrifuge
for 60 minutes at 105,000 >( g. The resulting super-
natant is hereafter referred to as the supernatant.
The large granule fraction was resuspended in
0.25 M sucrose solution to make the large granule
suspension used as starting material for the den-
sity gradient centrifugation. Mitochondria were
separated by low density gradient centrifugation
and the melanosome fraction was separated by
high density gradient centrifugation from the large
granule suspension (3). Mitochondria and melano-
some fractions isolated from mouse melanoma
were again suspended in 025 M sucrose. These sus-
pensions and supernatant were immediately lyophi-
lized and kept in a refrigerator until the analyses
were performed.
As a reference, supernatant and mitoehondrial
fractions were also isolated from the liver of nor-
mal Swiss strain mice by the procedures described
above. The mitochondrial fraction corresponded
to the large granule fraction in the case of the
liver.
2. Determination of sulfhydryl: For the deter-
mination of sulfhydryl groups (SH), the ampero-
metric titration technic using the rotating platinum
electrode was apphed (5). Sulfhydryl content was
expressed as eM per g of tissue protein. The
amount of protein in various cell components was
determined by the method described by Lowry
et al. (6).
The total SH and sulfosalicylic acid soluble SR
concentration of each cell fraction were deter-
mined. The total SR content was directly titrated
on an aliquot of each cell component. The protein
hound SR content was calculated by subtracting
the sulfosalicylie acid soluble SR content from the
total SR content. To obtain a protein free filtrate,
sulfosalicylic acid was added to each cell compo-
nent in the final concentration of 02 M. After
368 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
standing for 20 minutes the solution was centri-
fuged at 5,000 >< g for 15 minutes. The resulting
clear supernatant was neutralized with potassium
hydroxide and subjected to amperometric titration
to determine the sulfosalicylic acid soluble Sil
content.
3. Ultraviolet exposure: UVL was provided by
means of a low pressure mercury are lamp (To-
shiba H 400P). Approximately 97% of the emis-
sion energy of the lamp is at 2536 A. The TJVL
source used in this series of experiments may not
be the source for melanin synthesis in the skin, but
when the human skin was irradiated under this
ultraviolet lamp, a brown hyperpigmentation of
the skin developed. A. G.E. RS sunlamp tester
was used to measure the intensity of the UVL.
This is a light meter with a composite filter that
transmits wave lengths in the 2400—3600 A range.
The results are expressed in ergs per cm2 for the
total period of irradiation.
An aliquot of various cell components suspended
in distilled water was placed in a Petri dish and
irradiated for 5 minutes at a distance of 50 cm
with the ultraviolet lamp. The amount of radiant
energy striking each sample was 1.1 X 100 erg per
em2. Following irradiation, the materials were im-
mediately analyzed for Sil groups.
RESULTS
The concentrations of protein bound Sil and
sulfosalieylic acid soluble SH content in melano-
somes, mitochondria and supernatant fractions
isolated from mouse melanoma and normal liver
are summarized in Table I and II.
A remarkable decrease in protein bound SH
after UVL exposure was observed in the mito-
chondria and supernatant fractions. On the
other hand0 a significant difference was not de-
tected in the protein bound SH of melanosomes.
The sulfosalicylic acid soluble SH content in two
fractions other than melanosomes showed a sig-
nificant decrease after exposure. In the melano-
some fraction there was no significant change in
either the sulfosalicylic acid soluble Sli or the
protein bound SH.
DISCUSSION
In 1963 Seiji, Fitzpatrick et al (3) reported
that tryosinase was distributed in the various
subcellular fractions isolated from Harding-
Passey mouse melanomas. However, melanin
was synthesized only on the melanosome in the
melanocyte. In a previous paper (7) a reciprocal
relationship between the intensity of the color
of mouse melanoma and the subcellular SH con-
tent was detected in the protein bound SH of
supernatant and melanosome fractions. In our
work the melanosome and the supernatant were
subjected to study.
TABLE I
Protein bound SH content in mitochondria, melonosomes and supernatant
isolated from B-16, Harding Passey mouse melanoma
and normal mouse liver
Mitochondria Melanosoone Supernatant
A. Before ultraviolet exposure
B-16
Harding Passey
Liver
22.3 1.6 (3)
15.0 2.1 (4)
15.4 + 2.4 (4)
5.8 1.9 (4)
7.2 0.7 (6)
—
3.0 0.2 (3)
15.7 1.2 (3)
31.8 4.0 (4)
B. After ultraviolet exposure (1.1 >< 106 erg per cm2)
B-16
Harding Passey
Liver
19.6 0.9 (3)
((—11.5 2.3))
10.0 0.5 (3)
((—37.8 2.5))
13.7 2.4 (4)
((—12.3 3.0))
5.8 1.9 (4)
((0))
6.7 0.6 (6)
((—2.3 0.3))
—
0.7 0.0 (3)
((—76.0 2.0))
12.5 1.5 (3)
((—21.0 3.6))
19.3 3.2 (4)
((—39.5 2.5))
SIT is expressed as ,M per 1 g protein.
Figures in parentheses show the number of determinations were made.
Figures in double parentheses show the decrease in value indicated as the percentage deviation from
non irradiated sample.
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TABLE II
Sulfosalicylic acid soluble SH content in mitochondria, melanosomes and supernatant isolated from B-16,
Harding Passey mouse melanoma and normal mouse liver
Mitochondria Melanosome Supernatant
A. Before ultraviolet exposure
B-16
Harding Passey
Liver
3.3 0.8 (3)
2.1 0.8 (3)
4.2 0.3 (4)
2.0 0.2 (4)
3.3 1.1 (6)
—
2.0 0.1 (3)
1.4 0.4 (4)
30.5 2.8 (4)
B. After ultraviolet exposure (1.1 X 106 erg per cm2)
B-16
Harding Passey
Liver
2.7 0.8 (3)
((—19.3 5.3))
1.4 0.7 (3)
((—42.8 10))
1.3 0.5 (4)
((—62.0 10))
2.0 0.2 (4)
((0))
3.7 1.1 (6)
((+1.5 1.1'))
—
1.9 0.1 (3)
((—2.1 2.0))
1.2 0.5 (4)
((—16.6 10))
11.6 0.5 (4)
((—43.6 12))
SH is expressed as sM per 1 g protein.
Figures in parentheses show the number of determinations were made.
Figures in double parentheses show the decrease in value indicated as the percentage deviation from
non irradiated sample.
There were two conspicuous findings. One of
them was that the SR content of the melano-
some fraction was not affected significantly by
UVL. The other was a definite decrease in SR
content of mitochondria and supernatant frac-
tions following UVL.
In our earlier work (5), UVL generally in-
duced a decrease in both protein bound and sul-
fosalicylic acid soluble SR contents in samples
of rat liver homogenate. A decrease of 38 percent
in protein bound SR and 82 percent in sulfo-
salicylic acid soluble SH were observed. How-
ever, the sulfhydryl content in Harding-Passey
melanoma homogenate showed a decrease of
only 28 percent in protein bound SR and 17
percent in sulfosalicyclic acid soluble SR. In 1965,
Seiji and Iwashita (8) reported a protective ef-
fect of melanin granules on the cellular enzyme
activities following UVL. Tyrosinase, ATPase
and acid phosphatase activities in smooth sur-
face membranes isolated from mouse melanoma
decrease with increased exposure to JJVL. How-
ever, the activities of these enzymes in melano-
somes showed no change after UVL. In the pres-
ent experiment a protective effect of melanin
granules against UVL was clearly confirmed. The
protein bound SR and suifosalicylic acid soluble
SR in the melanosome were not affected signifi-
cantly by UVL.
The protein molecules may show two types of
change, either denaturation or recoiling of the
molecule. The measurable SH content in de-
naturation will be increased but in recoiling it is
decreased.
TJVL caused a decrease in the sulfosalicylic
acid soluble SR in the mitochondria and super-
natant. In 1949, Flesch (9) reported that UVL
caused an immediate decrease in the amount of
water-extractable SH from rabbit skin. Sulfo-
salicylic acid soluble SH is represented by cys-
teine and glutathione. Glutathione is essential
for the oxidation-reduction system in the cell.
Both of them are known as inhibitors of mela-
nin formation by limiting the availability of cop-
per required for tyrosinase activity (1, 2). It
has been suggested that skin pigmentation is
caused by the destruction of cellular SR com-
pounds.
One might speculate that when a melanocyte
is irradiated with UVL the protein bound SH
and sulfosalicylie acid soluble SH in the super-
natant decrease in value. On the other hand
tyrosinase, located in melanosomes, is protected
by melanin. As a result, the amount of melanin
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synthesized on the melanosome would be in-
creased.
SUMMARY
1. Effects of ultraviolet light irradiation on
soluble and protein hounds sulfhydryl groups of
mitochondria, melanosomes and supernatant
fractions isolated from B-16 and Rarding-Passey
mouse melanomas were studied.
2. Both protein hound SR and sulfosalicylic
acid soluble SR in melanosomes isolated from
tumors were found to be unaffected by ultra-
violet exposure. A protective effect of melanin
against ultraviolet light was deduced.
3. Protein bound SH and sulfosalicylic acid
soluble SR in the supernatant fraction and nñto-
chondria fraction were found to be decreased by
ultraviolet exposure.
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